The contribution of airway development to paediatric and adult lung disease Stephen Stick Airway development is only one of the factors that is important in the pathogenesis of complex respiratory disorders such as asthma and chronic airflow limitation. For example, knowledge of the interactions between the developing lung, genetic, environmental, and immunological factors is essential if progress is to be made in early diagnosis and the development of new interventions aimed at reducing the long term morbidity from chronic lung diseases. However, such a review is beyond the scope of this article which is limited to the role of airway development during childhood in determining adult lung function and the outcome of chronic airway disease. Some childhood respiratory diseases such as cystic fibrosis and various congenital lung disorders have obvious sequelae or adverse outcomes in adults. However, these conditions are relatively rare compared with chronic airflow limitation and asthma, the major symptomatic manifestations in adults of airway abnormalities. Most studies that have examined the aetiology of chronic airflow limitation and asthma have focused on airway calibre and bronchial responsiveness as possible pathophysiological factors and also as outcome measures with regard to the long term eVects of chronic airway disease. This review will therefore focus on studies that have measured airway function including, in some studies, assessment of bronchial responsiveness.
Normal development
The important factors that determine normal airway development have recently been reviewed 1 and are summarised here. Airway development commences with a ventral diverticulum from the foregut at approximately 24 days after fertilisation. The pre-acinar airway branching pattern is completed by the end of the pseudoglandular phase (5-17 weeks gestation) and requires normal mesenchymal and epithelial tissue. 2 During this phase multiplication of epithelial lining cells results in tube elongation while complex local interactions between epithelial and mesenchymal cells produce branching. For normal branching and growth to occur a balance is achieved between factors that cause multiplication of epithelial cells-for example, insulin-like growth factor, epidermal growth factor-and others that inhibit epithelial cell multiplication but increase protein synthesis-for example, transforming growth factor . Physical factors also influence airway development, which is adversely aVected by conditions such as oligohydramnios and reduced fetal breathing movements. Between 16 and 26 weeks (canalicular phase) there is vascularisation of the peripheral mesenchyme and capillaries come into close contact with the surface epithelium of the developing airways. The airway lumen enlarges and walls thin as connective tissue components are reduced. During the next phase (terminal sac or saccular) from 24 to 36 weeks gestation the pre-acinar airways grow, additional respiratory bronchioles develop, and acini are formed. Airway growth continues after birth with diameter and length doubling or tripling until adulthood. Evidence from family studies of arterial branching patterns suggests a genetic influence on airway development. Whereas airway development is largely complete by term, alveolar development is predominantly a postnatal process. The alveoli develop, multiply, and increase in volume during the alveolar phase from 36 weeks gestation to at least three yeas after birth and continue to increase in volume until lung growth ceases in early adult life. Given this pattern of lung development, it is not surprising that prenatal and early postnatal factors have important eVects on airway function that can be detected throughout childhood and into adult life. Furthermore, any factor that impacts significantly on the normal airway growth that occurs throughout childhood is likely to adversely aVect adult lung function. Thus, it is possible that ultimate adult lung function is influenced by a number of abnormal patterns of airway growth including: + normal childhood growth but accelerated adult decline; + failure to attain maximum growth during childhood followed by a normal rate of decline in adulthood; + failure to attain maximum growth followed by early onset or accelerated decline. Not all factors that operate during childhood result in abnormal growth and/or development. Some have functional eVects such as increasing bronchial responsiveness. However, the physiological consequences of adverse factors are generally detected by measurements that reflect airway calibre.
AIRWAY DEVELOPMENT VERSUS AIRWAY REMODELLING At any stage of development the consequences of the response to injury by airways must be considered since there is the potential for the normal pattern of development to be modified. The processes involved in the repair of damaged airways are referred to collectively as remodelling. Not a lot is known about whether these processes are similar at diVerent ages or how normal development is aVected. However, it seems clear that remodelling can aVect a number of important structural and functional elements of the airways including epithelium, smooth muscle, extracellular matrix, and mucus secretion. 3 A number of studies have suggested that remodelling is an important factor in the development and persistence of increased bronchial responsiveness; however, some infants appear to be predisposed to increased bronchial responsiveness prior to any insult. 4 5 Future studies should therefore examine the interactions between inherited and congenital risk factors and postnatal injury that causes airway remodelling.
Measuring airway function in infants and young children
Various techniques are available to measure aspects of lung function in infants including measures of forced expiration, lung volume, tidal flow-volume variables, and mechanics (resistance and compliance). The appropriate use and interpretation of these techniques are summarised in a joint statement published in 1993 by the American Thoracic Society and European Respiratory Society. 6 Studies published since 1993 using these techniques have shaped our current understanding of early wheezing conditions and longitudinal studies from soon after birth have shed light upon relations between early lung function and lung function later in childhood. Since the 1993 statement there have also been some important advances, particularly in regard to the assessment of airway function. A more complete and detailed description of the techniques used in infants has recently been published. 7 As well as providing important information about lung function and disease status, some tests of lung function have also been used as end points for bronchial challenge tests to assess airway responsiveness. Although a number of tests have been argued to provide information related to airway calibre in infants, at the present time only forced expiratory flow manoeuvres that achieve flow limitation can be seriously considered as providing any useful direct information about airway function. This situation might change as experience is gained in alternative techniques such as low frequency forced oscillation, a technique that has the potential to separate airway and parenchymal components that determine lung behaviour. 8 
FORCED EXPIRATORY FLOW MEASUREMENTS
For the past 20 years considerable advances in our ability to assess airway function have been made, in particular the ability to measure variables during forced expiration that reflect airway calibre. Early attempts at achieving flow limitation during expiration used external compression of the chest wall 9 or application of a negative pressure to the airway via an endotracheal tube. 10 External compression using an inflatable jacket wrapped around the thorax and abdomen of the infant is now the most widely used method.
Ṽ maxFRC is the most commonly measured variable obtained from forced expiratory manoeuvres in infants and has been a useful outcome measure in a number of important longitudinal studies. At end inspiration during tidal breathing a forced expiration is obtained by rapidly inflating the jacket. Flow is measured at a lung volume corresponding to the functional residual capacity of the preceding tidal breath. The jacket pressure is increased during successive trials until there is no further increase in Ṽ maxFRC and flow limitation is therefore assumed to have been reached. 7 The major limitation of this technique is that the volume landmark (FRC) is not fixed, resulting in relatively high variability. 6 More recently forced expiratory techniques from raised volume have been developed that emulate forced expiratory volume (FEV) techniques in cooperative subjects and allow the determination of FEVt variables that are less variable than Ṽ maxFRC. 11 12 The raised volume techniques have not yet been used in any longitudinal studies.
Factors in childhood that might influence adult respiratory morbidity
The most important factors that have emerged as childhood predictors of later morbidity are lower respiratory illnesses in early life and airway function including bronchial responsiveness.
CHILDHOOD RESPIRATORY ILLNESSES AND RESPIRATORY MORBIDITY IN ADULTS
Burrows et al 13 in 1977 suggested two main factors associated with accelerated decline in adult lung function: (1) smoking and (2) respiratory trouble dating from infancy (childhood respiratory trouble; CRT). In another study Barker and Osmond examined death rates from chronic bronchitis and emphysema in England and Wales between 1959 and 1978.
14 They found a strong positive correlation between adult mortality during that period and infant mortality due to bronchitis and pneumonia during 1921-5 in the same locations. Their analyses suggested that early childhood infection had a greater influence than cigarette smoking in determining the geographical distribution of chronic bronchitis. In a separate study Barker et al measured lung function and collected questionnaire data from over 5000 adult men. 15 Lower birth weight was associated with worse adult lung function. Bronchitis, pneumonia, or whooping cough in infancy further reduced adult lung function. They speculated that factors that reduced weight gain in utero acted to constrain fetal lung growth. However, in the absence of respiratory function measurements during infancy before any respiratory insults have occurred, these observations are diYcult to interpret. In these retrospective studies early CRT was broadly defined. At the other extreme of life, asthma and chronic airflow limitation are diYcult to diVerentiate, particularly in elderly smokers. 16 One of the main limiting factors with regard to cross sectional studies of this type is the lack of diagnostic precision for defining CRT in childhood and chronic airflow limitation in adults.
In recent studies examining relations between childhood and adult respiratory disease attempts have been made to define CRT more precisely. Gold et al 17 followed a cohort of Boston school children aged 4-10 years for up to 13 years. Pneumonia or admission to hospital for respiratory illness occurring prior to the commencement of the study were associated with lower pulmonary function at entry. The same risk factors occurring after entry to the study were associated with subsequently slower increases in lung function, even after adjustment for asthma. However, these authors were unable to determine with any specificity the nature of respiratory illnesses prior to entry into the study. This is an important point to consider if inferences about eVects on lung function over time are made based upon cases selected according to the presence of early respiratory disease. There are data to suggest that some infants have abnormal airway development that predisposes to respiratory symptoms with common early childhood respiratory infections. For example, Young et al found that infants with a clinical diagnosis of bronchiolitis have lower premorbid pulmonary function (Ṽ maxFRC) than matched controls, 18 and a recent study by Castro-Rodriguez et al has observed similar reductions in Ṽ maxFRC at two months of age in infants who subsequently developed pneumonia. 19 These studies suggest the importance of early airway function as a risk factor for later childhood respiratory disease. The study reported by CastroRodriguez and colleagues also raises the possibility, based upon observations later in childhood, that airway reactivity might be an important mechanism of persistent airway obstruction from early infancy, predisposing children to more severe responses to lower respiratory infections and later symptoms of recurrent wheeze. However, bronchial responsiveness was not measured during infancy and the role of bronchial responsiveness in determining respiratory outcomes is currently being examined in cohorts, some studied from birth.
EARLY LUNG FUNCTION AND LATER RESPIRATORY

MORBIDITY
There have been a number of influential longitudinal studies. Information from early studies that measured lung function starting at school age has been supplemented by data from birth cohorts who are now teenagers.
Longitudinal studies that commenced at school age have examined factors associated with persistence of symptoms beyond childhood and the physiological eVects of asthma on lung development. One of the most well known is the study started in Melbourne by Williams and McNicol. 20 Children were selected for the original cohort because of recurrent wheeze and have been studied at ages 7, 10, 14, 21, 28, and 35 years. At the l0 year old follow up the original cohort was supplemented with a group of more severe asthmatics. The wheezy children were compared with a group of nonwheezy children as controls. Findings from these surveys indicate that the persistence of asthma beyond childhood is associated with onset before the age of three years, more frequent or persistent symptoms, and persistent abnormalities of lung function. 21 22 Unfortunately, the Melbourne data do not help to distinguish whether airway abnormalities predate early respiratory symptoms and whether the persistent airway abnormalities observed in symptomatic adults are a cause of, or result from, persistent disease.
In a study of 11 497 Sydney schoolchildren, lung function was measured regularly over a l0 year period. 23 Small but persisting changes in lung function were found in those who had wheezed before the age of two years. Subsequent bronchitis had an additional eVect on lung function in those children with early respiratory illness. Asthma following enrollment had the greatest eVect on lung function and the deficit increased through adolescence. Deficits in lung function attributable to smoking were found in some children by the age of 14 years and were most severe in children with asthma. These data suggest that, whereas early respiratory disease might be associated with decrements in lung function, the onset of asthma, independent of early respiratory disease, is a more significant factor aVecting lung function later in life.
Recent reports from Tucson are interesting in the light of the Sydney data. In 1988 Martinez et al reported data that suggested that early infantile wheeze was determined in part by airway size or geometry. 24 This hypothesis is supported by case-control studies showing that bronchial reactivity is not a significant feature in wheezy infants. 25 The first report of the Tucson cohort used tidal flow and volume profiles as an indirect measure of airway function, but subsequent studies from the Tuscon group have reported outcomes in relation to Ṽ max-FRC at two months corrected age. 26 27 In the 1988 study by Martinez et al diminished respiratory function was observed in infants who subsequently developed wheezing lower respiratory illnesses (LRI). 24 They measured the time to peak expiratory flow (tPEF) as a fraction of expiratory time (tE) during tidal breathing before any respiratory illness and observed that male infants in the lowest tercile for tPEF/tE were four times more likely than children in the upper terciles to subsequently develop wheezing LRI. Although not reported by the authors, the probability that low tPEF/tE in girls was associated with subsequent wheeze-that is, an odds ratio greater than 1-was 95%. Overall, infants in the lowest tercile for tPEF/tE were 3.5 times more likely to wheeze.
The same group has reported findings when the cohort was studied six years later. 27 By the age of six years 51.5% had never wheezed, 19.9% had only wheezed before the age of three years (transient wheezers), 15.0% had only wheezed since the age of three years (late wheezers), and 13.7% wheezed both before and after three years (persistent wheezers). The transient wheezers had diminished airway function (Ṽ maxFRC) both before the age of one year and at the age of six years, were more likely than the other children to have mothers who smoked but not mothers with asthma, and were not atopic. Compared with the children who never wheezed, persistent wheezers were more likely to have mothers with a history of asthma, raised serum IgE levels and normal lung function in the first year of life, and to have raised serum IgE levels and diminished lung function at six years of age. These data indicate that early wheezing is a transient phenomenon in the majority of children and is associated with reduced airway function rather than atopy, but that atopy is a risk factor for persistence of wheezing. In this cohort the most significant factor determining lung function at six years of age was lung function in infancy. These data imply that, whilst the reduction in lung function seen in the early wheezers is not an important factor between three and six years of age, the deficit appears to be persistent and could contribute to adult morbidity if present beyond childhood. This notion is supported by data from the same cohort studied at 11 years of age. 28 The persistent wheezers had the largest decrement in lung function but the transient wheezers still had a lower FEV 1 than infants who had never wheezed and there was no increase following salbutamol. An important conclusion from these data is that the reduction in airway function in the persistent wheezers is acquired since it was not a factor that was significant at two months of age, prior to the onset of symptoms. One of the major risk factors for persistent wheeze in the Tucson population is atopy. In other population studies associations have been observed between atopy and asthma, the severity of which appears to be associated with increased bronchial responsiveness to a number of challenge agents and reduced lung function. One plausible explanation for the patterns of lung function seen in the Tucson study is therefore the development or presence of bronchial reactivity.
ROLE OF BRONCHIAL RESPONSIVENESS
The observations from the Tucson population and the apparent high prevalence of wheezing illnesses in children have led to speculation that airway responsiveness might be increased in children compared with adults. Some studies appear to support that argument. 29 However, methodological factors with most challenges that are related to the relatively high dose of challenge agent inhaled by small children compared with older subjects make direct cross sectional comparisons almost impossible to interpret. 30 Although the same dose issues apply to longitudinal studies from infancy, it is possible to determine how bronchial responsiveness tracks within a cohort by rank using non-parametric statistics. Such studies also allow bronchial responsiveness in early infancy to be examined in relation to outcomes such as the development of respiratory illness and lung function. One such study is in progress in Perth, Western Australia. An early report suggested that bronchial responsiveness to histamine at one month of age was associated with a family history of asthma and maternal smoking. 4 When studied at six years of age the major determinant of lung function (FEV 1 ) in this cohort was bronchial responsiveness to histamine at one month. 5 Although the data from Tucson and Perth suggest that atopy and bronchial responsiveness have important influences on lung function during childhood, the observations in infants two months old and younger also demonstrate that in utero or genetic factors might contribute significantly. There are data from family studies that indicate a high degree of heritability for spirometric indices. However, even these observations might be explained in part by genetic determinants of bronchial responsiveness that appear to be independent of any genetic risk for atopy. Interestingly, an association has been described between a polymorphism for the clara cell protein, CC16, and histamine responsiveness at one month. The same polymorphism has been linked with asthma and reduced serum levels of CC16, an anti-inflammatory protein in the airways. Despite these observations it still seems likely that some factors, whether genetic or related to the in utero environment, aVect airway development resulting in airways that are relatively small in diameter or with increased compliance and which are thus susceptible to obstruction.
Perinatal factors with long term sequelae
These are best considered in terms of prenatal factors that are more likely to impair airway development and postnatal factors that tend to have an impact on airway growth, as well as alveolisation and the microvasculature. 31 Functional eVects such as increased airway responsiveness might result from factors operating prenatally or postnatally that may or may not be associated with deviation from the normal pattern of development.
PRENATAL FACTORS
The two major pregnancy related determinants of lung development are fetal growth and duration of gestation. Many secondary factors can impact on pregnancy, aVecting either or both of these primary factors. Importantly, there appear to be significant relations between in utero pulmonary development, respiratory symptoms, and lung function in later life.
In utero growth
In the 1970 British cohort study lower birth weight was associated with lower adult lung function. 15 Similarly, in an Indian cohort, adult lung function appeared to be significantly aVected by in utero growth. In another historical British cohort no such relationship between birth weight and adult lung function was observed. However, data obtained from a cohort of 5-11 year old children indicate that lung function is significantly aVected by in utero growth whereas symptoms of wheeze are more related to duration of gestation. One possible explanation for this observation is that the in utero environment is an important determinant of bronchial responsiveness; however, other explanations need consideration. For example, small for dates infants might have lung growth that is appropriate for body weight whereas the normal pattern of airway development is disturbed following preterm birth. This results in relative airway obstruction compared with the airway calibre that would have arisen had the pregnancy gone to term. 32 In this situation, because prematurity is a relatively uncommon event, the eVect might not be evident from lung function data because the lung function data are so strongly associated with birth weight. Furthermore, there might be a threshold eVect where airway development is less likely to be aVected after a certain post-conceptual age. The diYculty here is knowing what is an appropriate control since, with increasing prematurity, there is an increased risk of respiratory morbidity and use of therapeutic interventions that have the capacity to aVect the normal pattern of development. An illustration of this diYculty comes from a study reported by Doyle et al 33 who found lower FEV 1 in survivors of bronchopulmonary dysplasia (BPD) at eight years of age compared with other very low birth weight infants who did not develop BPD. By using birth weight to define the population, some mature growth retarded infants will be included who are less likely to develop neonatal lung disease and more likely to have lung function at eight years that is appropriate for size than infants of shorter gestational age with similar birth weights. Finally, some factors that have a detrimental eVect on fetal growth also appear to have factor-specific eVects on lung growth-for example, hypoxia, placental insuYciency, antenatal corticosteroids, and cigarette smoke exposure all cause growth retardation. However, airway growth appears appropriate for size in infants exposed to antenatal hypoxia but is abnormal in infants exposed to cigarette smoke. Animal models suggest that placental insuYciency causes increased cortisol secretion that might theoretically advance lung maturation, but there are concerns that exogenous antenatal steroids might adversely aVect alveolar development. In future studies in utero growth must be considered as an independent risk factor for airway and lung growth, but may not be the only causative pathway for factors that have diverse eVects on the fetus during in utero development.
Gestational age
The eVects of prematurity alone are diYcult to separate from the eVects of neonatal respiratory disease because the latter is more likely to develop with increasing prematurity. Despite this, a number of studies point to an independent eVect of prematurity on pulmonary function and early respiratory morbidity.
Prematurity
Adverse respiratory health outcomes, especially wheezing illnesses in the early years of life, have been reported in infants of very low birth weight. 34 35 Prematurity alone appears to have eVects on lung function and therefore, by implication, lung development independent of any adverse eVects due to the development of chronic neonatal lung disease (CNLD). Studies have demonstrated long term evidence of relative airway obstruction in preterm infants that is not directly related to the occurrence or severity of early neonatal disease, although CNLD does appear to be associated with greater morbidity and larger deficits in lung function in school age children. Remarkably, very few childhood survivors of CNLD have clinically significant abnormal lung function in late childhood. The presence or acquisition of increased bronchial responsiveness appears to be an important additional determinant of long term respiratory morbidity and lung function.
Neonatal lung disease A number of follow up studies have examined lung function in survivors of preterm birth at school age and older. In 1981 Smyth et al reported reversible airway obstruction in nine children at eight years who had severe CNLD as infants. 36 Since then, a number of studies have demonstrated fixed 37 and reactive airway obstruction [37] [38] [39] [40] in long term survivors. Despite the evidence of airway obstruction from group data, few children with a history of preterm birth and CNLD appear to have severe or at least clinically significant airway obstruction. 33 However, recent studies have indicated that lung function abnormalities, apart from those due to airway obstruction, can have significant functional eVects, particularly in relation to exercise. 41 Survivors of CNLD appear to use a greater proportion of ventilatory reserve during exercise 42 than other children born preterm, suggesting that underlying abnormalities are likely to be more severe in the survivors of BPD. Pulmonary immaturity is the major consequence of preterm birth that threatens life in the neonatal period and a number of strategies are used to ameliorate its impact. Antenatal steroids are commonly used to reduce respiratory distress in infants of preterm labour, but there have been concerns expressed about their possible adverse eVects including eVects on pulmonary maturation. However, airway division is usually complete at the time steroids are administered and most of the physiological and histological data suggest that the major eVects are on the alveoli rather than on the airways. Alveolar septation seems to be particularly aVected, resulting in smaller numbers of larger alveoli. However, more studies are needed, including long term follow up of infants who receive prenatal and postnatal steroids before it can be confidently concluded that there are no adverse eVects on airway growth.
Interactions between preterm birth and asthma
In a study of infants born at less than 33 weeks gestation, in addition to the eVect of CNLD, having one parent with bronchial responsiveness increased the risk of wheeze to 1.7 while having both parents with bronchial responsiveness increased the risk to 17.8. 43 A more recent report showed that a family history of asthma was associated with CNLD as well as the development of asthma in preterm infants. 44 How these eVects are mediated is not known. One intriguing possibility is that there is a genetic predisposition to develop BPD that is also a risk factor for asthma.
In utero and environmental tobacco smoke exposure An important preventable factor that seems to be important in relation to early pulmonary function is exposure to the constituents of cigarette smoke. Taylor and Wadsworth observed a direct relation in infants between the level of maternal smoking and the risks of bronchitis and admission to hospital due to LRI. 45 However, the risk was determined by the extent of direct in utero exposure to cigarette smoke rather than postnatal passive exposure. Others have examined the eVect of maternal smoking on infant lung function. Hanrahan et al measured ṼmaxFRC at one month using the rapid thoracoabdominal compression technique 46 and found reduced forced expiratory flows in infants of mothers who smoked during pregnancy compared with those infants only exposed passively to cigarette smoke postnatally or whose mothers did not smoke. Stick et al observed a dose dependent adverse eVect of in utero cigarette smoke exposure on tidal flow patterns (tPEF/tE) measured during the first three days of life before any passive exposure was possible. 47 The eVect on respiratory function was independent of eVects of cigarette smoke exposure on birth weight. These studies suggest that the respiratory system is aVected directly by cigarette constituents during in utero development. Observations in preterm infants seem to indicate that this eVect is likely to occur early during fetal development at a time when airway development dominates. Hoo et al reported lower values of tPEF/tE in preterm infants exposed in utero to cigarette smoke. 48 Because tPEF/tE appears to reflect airway calibre and maternal cigarette smoking early in pregnancy can aVect tPEF/tE, it has been argued that the eVect of cigarette exposure is likely to be on airway development. However, tPEF/tE can be aVected by complex interactions between mechanical and neurological control mechanisms and there are at present only limited data available in humans to support such an argument. Furthermore, since in utero exposure to cigarette smoke can aVect the control of breathing, it must be assumed that it is at least possible that the observations with regard to tPEF/tE might simply reflect alterations in the control of breathing rather than any mechanical changes in the lung. 49 On the other hand, the observations that resistance is higher 50 and ṼmaxFRC is lower 46 in infants exposed in utero to cigarette smoke support the contention that airways are smaller in infants of smoking mothers. There are histopathological data that also support this hypothesis. In studies carried out in Melbourne Elliot et al described increased inner airway wall thickness 51 and increased smooth muscle in victims of sudden infant death syndrome (SIDS) whose mothers smoked compared with nonexposed controls. 52 
POSTNATAL FACTORS
As already alluded to, the eVect of exposures, infections, and other potential factors that could aVect airway growth and/or function are diYcult to assess without knowledge about airway development prior to any postnatal exposure. Furthermore, a crucial element in the airway response to postnatal insults is the development of the immune system and, in particular, the local responses in the airway to allergens, irritants, and infective agents. Despite these problems with interpretation, a number of factors appear to have important eVects on airway function as the lungs develop and grow.
Environmental tobacco smoke
Although there are many diYculties quantifying the extent to which infants are exposed to environmental tobacco smoke, the data are generally consistent and suggest a dose response between chronic wheezing and environmental tobacco smoke exposure. 53 Objective markers of exposure to environmental tobacco smoke have been used in some studies. For example, Reese et al measured urinary cotinine levels in children admitted to hospital and found significantly higher levels in infants with bronchiolitis than those in age matched controls admitted with other diagnoses. 54 These data suggest a causal association between exposure to environmental cigarette smoke and severity of lung disease due to bronchiolitis. However, the known eVects of in utero exposure on lung development and the possibility of increased risk for more severe sequelae to infection also have to be considered.
Lower respiratory infections
Most early childhood lower respiratory infections have a viral aetiology. There are problems interpreting cross sectional studies and retrospective studies that examine the relationships between lower respiratory infection during infancy and outcomes such as lung function and adult respiratory morbidity. The most significant of these is lack of information concerning premorbid lung function-that is, do individuals with lower lung function have a predisposition to more severe lower respiratory infection? The data from the Tucson birth cohort suggest that low premorbid airway function might predispose to pneumonia before the age of three years, and that airway responsiveness to bronchodilator is more prevalent in children aged 11 years who suVered early pneumonia than controls. Whether airway tone is a predisposing factor for pneumonia or a consequence of infection cannot be determined because there are no measures of airway responsiveness prior to the episode of pneumonia. However, data from prospective studies do suggest that viral infections can have significant eVects on bronchial responsiveness. Although there are numerous putative mechanisms whereby viral infection can aVect airway function and bronchial responsiveness, except in severe infection, changes appear to be transient. The relationships between viral infections, asthma, and bronchial responsiveness have recently been reviewed. 55 Another important consideration is whether early viral infections reduce the risk of developing asthma and whether, paradoxically, early infection might result in better lung function and reduced bronchial responsiveness. This is a complex issue with a number of conflicting studies, mostly retrospective in nature. 56 However, data from the Tucson longitudinal study do support the notion that infants predisposed to persistent wheeze have diVerent IgE and eosinophil responses to infections from infants who do not continue to wheeze. 57 In addition, a recent study from Germany observed a subgroup of asthmatic patients who had frequent early infections, were less atopic, and had a better prognosis than children with asthma and atopy. 58 In this study bronchial responsiveness did not appear to be significantly associated with early infection in either the atopic or non-atopic asthmatic subjects.
Allergic sensitisation
Asthma is characterised by increased bronchial responsiveness and the data from longitudinal studies suggest that long term respiratory morbidity is associated with the development and persistence of increased bronchial responsiveness. Atopy is a major risk factor for asthma and persistence of symptoms 27 58 and therefore there has been much interest in the relationship between allergic sensitisation and bronchial responsiveness. In a recent study symptomatic bronchial responsiveness was associated with skin reactivity independent of blood eosinophil numbers and IgE levels. 59 Furthermore, recent analyses of the Perth birth cohort when aged six years suggest that atopy and bronchial responsiveness are independent risk factors for asthma 60 and each appears to be, at least in part, genetically determined.
Summary
In summary, factors that aVect airway growth early in development appear to cause physiological eVects that can be persistent. Reduced airway function early in life does not necessarily result in persistent symptoms, but the long term eVects and impact on the development of chronic airflow limitation in adults are yet to be determined. Generally, long term sequelae seem to be related to the severity of the initial insult, but the development of persistent increased bronchial responsiveness is an independent risk factor for symptoms and abnormal lung function in later life. In addition, there appear to be separate genetic factors that influence atopy, airway development, and bronchial responsiveness.
